Objectives. The aim of this study was to investigate national prevalence, general demographic characteristics and survival of Danish patients with EhlersDanlos syndrome (EDS).
Introduction
EhlersDanlos syndrome (EDS) constitutes a rare group of heterogeneous connective tissue disorders caused by altered collagen synthesis and resulting in increased fragility of the non-ossified tissues [13] . The present classification system divides EDS into six major subtypes [1] . EDS is characterized by its multisystemic manifestations, constituting a broad clinical spectrum, ranging from minor but repetitious complications of skin and/or joint hyperexstensibility that lead to frequent contacts with the health-care system, to sudden vital complications, such as vascular and internal organ rupture with high mortality [4, 5] .
The prevalence of EDS is estimated with great variance ranging from 1/1000 to 1/25 000 [6, 7] , and the exact number of patients with EDS in Denmark is unknown, as are the general demographic characteristics and mean age at death for this group of patients. A characterization of these features could contribute to heighten our knowledge of patients with EDS in terms of earlier recognition and initialization of relevant diagnostic procedures. The aim of this study was to establish a nationwide cohort of patients with EDS and describe it with regard to baseline characteristics, socio-economic features and mortality throughout a 13-year period.
Methods
Reporting of the study adhered to the REporting of studies Conducted using Observational Routinely-collected Data guidelines [8] . 
Registers

Study population and cohort
The population was extracted from the database and included the entire Danish population, defined by CRS, alive at any given time between 1 January 2000 and 31 December 2012. The study cohort was extracted from the population and contained all patients with EDS, defined by a registration of the SKS code DQ796 within the same period of time. Specific SKS codes for the different subtypes of EDS do not exist. Verification of diagnosis was done solely by assigned SKS code and without confirmation by the Villefranche Diagnostic Criteria [1] .
We included all patients with a registration of the SKS code as the primary diagnosis, supplementary diagnosis, admission diagnosis or basic diagnosis. We included both outpatient and in-hospital admissions, including emergency department contacts, for identifying the cohort. Patients who immigrated during the observation period were included. Exclusion criteria were missing data on gender and year and date of birth, as well as patients with temporary or missing CRN.
Outcomes
The cohort was described by the primary outcomes of mortality between 2000 and 2012 and mean age at death. Secondary outcomes were the distribution of prevalence according to age, gender, marital status, socio-economic status, ethnicity and type of patient contact (full-day, part-day, acute or elective admission).
Age, gender, marital status, socio-economic status and ethnicity were reported for the final year of the observation period, year 2012. We used two indicators to measure socio-economic status: primary occupation and highest educational attainment. The cohort was categorized into one of five occupational categories, based on the Socioeconomic Status Classification Model applied in previous studies [1315] . The groups included the following: employed persons (self-employed, executive or highly qualified employees, and employees with lower qualifications); unemployed persons (including those in educational programmes); persons receiving state-granted subsidies (early retirement pension, unemployment benefit, cash benefit and early retirement benefit); children; and others (including senior citizens granted state pension and working students aged 515 years). In 2012, the minimal age for senior citizens receiving the state pension was 6567 years, depending on year of birth [16] . State-granted subsidies, defined as various types of social benefits granted to persons with temporary or permanent limitation in working capacity, were included as an occupational category because of a pre-study expectation that a high percentage of the cohort would fall into this category. Education was pooled into two categories: primary education (410th grade) or higher education. For comparison of outcomes, corresponding data for the Danish background population were obtained from the publicly available online statistical register of Statistics Denmark [17] .
Data were collected prospectively. All data management and subsequent statistical analyses were performed with SAS statistical software, version 9.4 (SAS Institute Inc., Cary, NC, USA). Normal distribution of mean age at year 2012 and mean age at death were assessed by construction of a histogram, boxplot and quantilequantile plot in SAS version 9.4. Female and male mortality was compared using a 2 test with the level of statistical significance set at P < 0.05. According to Danish law, permission from an ethical committee was not required for this study. Permission to use extracted data was granted by the Danish Data Protection Agency (HEH-2013-056) [18] . Owing to protection of privacy and data confidentiality, all CRNs were anonymized by Statistics Denmark before retrieval of data.
Results
The database held information on a total population of 6 539 131 persons alive at any time between the years 2000 and 2012. Extracted from this population, the cohort of 1427 patients with EDS was identified, none of whom met the exclusion criteria. Thus, all 1427 patients were included as the Danish EDS population, presenting a prevalence of EDS of 0.02% in Denmark, correlating to 1/ 5000 people ( Table 1) . Registration of marital status and socio-economic parameters at 2012 was available for 1365 persons. Of the remaining 62 persons, 41 had died, 19 emigrated, and the remaining 2 were registered as missing data.
The EDS cohort consisted of 1054 (73.9%) females and 373 (26.1%) males and showed a normal distribution of age, with a mean (S.D.) age of 34.9 (18.6) years. The mean (S.D.) age was 38.7 (17.8) years for women and 24.4 (16.5) years for men.
In the cohort, 1368 (95.9%) persons were born in Denmark, whereas only 59 (4.1%) originated from other countries.
When arranged according to admission type, 1064 (74.6%) patients were admitted electively, while full-day admission, part-day admission and acute admission included 318 (22.6%), 8 (0.6%) and 37 (2.6%) patients, respectively. The majority of the cohort, 778 (57%) persons, were unmarried, while 436 (31.9%) were married, 20 (1.5%) were widowers and 2 (0.1%) were categorized as other marital status.
According to occupational categorization, children accounted for 241 (17.7%) patients in the cohort, while 16 (1.2%) patients were unemployed. The remaining cohort was divided into three roughly equal-sized groups, with 396 (29%) employed persons, 431 (31.6%) persons receiving state-granted subsidies and 281 (20.6%) persons categorized as others. Subgrouping of the last group exposed 60 (4.3%) state pension receivers, 176 (12.9%) working students at 515 years of age and 45 (3.5%) uncategorized persons. After extraction of children from the gathered cohort, the percentage of stategranted subsidy receivers among the adult segment of the cohort constituted as high a figure as 38.3%. Of the subsidy receivers, the majority, 332 persons, received early retirement pension, correlating to 77% of the subsidy receivers and 24.3% of the entire cohort.
As to education, 384 (28.1%) persons in the cohort had primary education (410th grade) as their highest educational level, while 981 (71.9%) had completed higher education. Extraction of children from the group with primary education (410th grade) as the highest educational level showed a prevalence of 10.5% of the adult cohort belonging to the group.
A total of 42 patients died between 2000 and 2012, whereof 15 (35.7%) were men and 27 (64.3%) women. Accordingly, 13-year mortality for the observed EDS population was 2.9%. According to gender, the 13-year mortality for men and women was found to be 4 and 2.6%, respectively, (P = 0.15). Age at death for the cohort in the 13-year time period was normally distributed, with a mean (S.D.) age at death of 53.6 (21.7) years.
Discussion
In this nationwide population study, we conducted the first establishment of a Danish register-based cohort of patients with EDS. We found a prevalence of EDS of 0.02%, correlating to 1/5000 people, confirming EDS as a rare group of diseases. The cohort had a low mean age compared with the background population [17] , most probably as a result of the high proportion of children and the significantly lower mean age at death. The reduced percentage of married persons in the cohort as well as a prominent rate of persons with primary education (410th grade) as their highest educational attainment may be attributable to a high proportion of children and adolescents. Socio-economically, the cohort held a high number of receivers of state-granted subsidies, notably for early retirement pension. In comparison, only 4.4% of the Danish background population received early retirement pension in 2012 [17] , resulting in an approximately five times higher prevalence in the EDS cohort. This indicates that an extensive proportion of patients with EDS are affected by their illness to a degree whereby they are not able to retain a function in the labour market.
The mean age of death in the cohort was found to be notably lower compared with the Danish background population in the same period of time, respectively 81.5 years for women and 77.3 years for men [17] , supporting previously published statements of a reduced survival for patients with EDS as an overall group. Previous studies have suggested that the vascular EDS subtype in particular may have a lower mean age at death, whereas this has not been observed for the various other EDS subtypes [2, 5, 19] . As the registers used for the present study only hold one combined diagnosis code for EDS, with no further division into subtypes, we were unable to investigate this statement further.
The cohort contained a significantly higher proportion of female patients with EDS than men. No available literature has previously reported a general predisposition of EDS in women, but it is well known that the vast majority of patients diagnosed with the hypermobility subtype are female [20, 21] . The hypermobility subtype is also the most frequently diagnosed subtype, which could be presumed to apply also to the cohort of the present study, providing a possible explanation for the female overrepresentation. An additional explanation might be found in the simple variation in behavioural patterns amongst the genders concerning health-care-seeking nature, suggesting that women are prone to seek professional health-care examination more frequently and earlier in the possible course of disease compared with men [2225] . An additional factor might be the reported high frequency of pregnancy-and birth-related complications in female patients with EDS, often leading to contact with the healthcare system. Regarding gender-specific mortality, we did not find any significant difference between the genders, which is consistent with no previously reported evident difference in phenotypic findings according to gender. The register-based national cohort established for this study is the first of its kind. The majority of previously published descriptive studies include only select groups from patient associations or patients admitted to various hospitals, health-care units or genetic centres; therefore, these studies represent a selected section of the EDS population, with subsequent risk of bias [20, 2628] . This selection of patients reflects the overall problematic limitations within current research and literature on EDS, being primarily case reports and case series, with risk of selection bias.
The primary strength of this study is that it is the first descriptive, demographic study of a national population of patients with EDS. The registers from which data were extracted have a high consistency and compliance in reporting and registration of the SKS codes, permitting us to report and establish with a high accuracy the full cohort of patients recognized with EDS [12] . The registers have provided nationwide coverage since 1978 and record vital status and immigration on a daily basis, which is why the registers include very close to 100% of the Danish population [12] . Thus, the generalizability of the study remains high.
The most important limitation of this study was the dependence on correct diagnostic coding. The database includes no information on where and by whom the SKS code has been assigned, that is, by a general practitioner or a specialist trained in differentiating EDS from EDSresembling conditions. This aspect represents a possible risk of over-or underestimation of the EDS population. Furthermore, the database holds no information on whether diagnosis has been made with confirmation of the currently applicable Villefranche diagnostic criteria [1] . Moreover, the study was limited as a product of the register-based study design, because the database held data only for a pre-defined range of years and no data before 2000. Finally, the Danish SKS coding algorithm holds no subdivision of the various EDS types, consequently leading to a lack of distinction of the variation of outcomes amongst the different subtypes. Indeed, the severity of clinical manifestations and organ systems involved has been reported to be highly diverse within the different subtypes [1, 2] , which is why the study emphasizes the persistent need for such a subdivision in the diagnostic coding algorithm.
In conclusion, we have established the first national register-based cohort of patients with EDS and found a prevalence of 1/5000 in the Danish population. The cohort had a lower mean age and mean age at death compared with the background population and showed a preponderance of early retirement pension receivers compared with the background population. However, owing to the register-based design, it is not possible to draw final conclusions regarding baseline characteristics, mortality and survival stratified by the different subtypes.
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